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[5 7] ABSTRACT 

An electn'cally heating Windshield glass has two glass 
plates; a polyvinylbutyral sheet interposed between the two 
glass plates; a pair of bus bars provided at peripheral 
portions of the glass plates and between them; and a number 
of tungsten wires connected between a pair of the bus bars. 
The diameter of the tungsten wires or the space between 
adjacent tungsten wires is continuously and/or stepwisely 
changed in response to a change of the distance between the 
bus bars. 

24 Claims, 5 Drawing Sheets 
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ELECTRICALLY HEATING WINDSHIELD 
GLASS HAVING A SUBSTANTIALLY 
UNIFORM THERMAL DISTRIBUTION 

This application is a Continuation of application Ser. No. 
081498.800. ?led on Jul. 6. 1995. now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an electrically heating 
windshield glass used for. for instance. a windshield glass 
for a vehicle. More particularly. it relates to an electrically 
heating windshield glass capable of uniformly and quickly 
melting snow. ice or frost and having a non-fogging effect. 

2. Discussion of Background 
In winter seasons or cold areas. snow. ice or frost deposits 

on the front glass. the rear glass and so on of trains. electric 
cars. trucks. passenger cars and so on. or such glass becomes 
moist. It is difficult to quickly remove snow. ice. frost or 
moist. As a method of solving the problem. there has been 
proposed to use an electrically heating windshield glass for 
a window. 

The electrically heating windshield glass made by a 
conventional technique generally comprises two glass 
plates. a resinous interlayer interposed between the two 
glass plates. a pair of bus bars provided at peripheral 
portions of the glass plates and between them. and a number 
of electrically heating wires connected between a pair of the 
bus bars. As the electrically heating wires. very ?ne tungsten 
wires or molybdenum wires which can not be seen with the 
naked eye and assure the transparency of the windshield 
glass. are used. Heat is generated in the windshield glass by 
passing a current from a battery or the like through the bus 
bars to the electrically heating wires. whereby the melting of 
snow or ice. dehnmidi?cation or the like is e?ected by the 
generation of heat. 

In a case that the conventional electrically heating wind 
shield glass is used for. for instance. the front glass of a 
vehicle. several hundreds of electrically heating wires hav 
ing the same diameter are connected between the upper and 
lower bus bars with the same intervals and in the vertical 
direction in a state that the wires are embedded in the 
interlayer. wherein the upper and lower bus bars are 
arranged in a substantially parallel relation to thereby form 
a rectangular area. The rectangular area de?nes a heating 
area for melting snow or ice. or dehumidi?cation. 

In the conventional technique. when the above-mentioned 
electrically heating windshield glass is used as a from glass 
for a vehicle wherein the front glass has a trapezoidal shape 
having the upper side which is shorter than the lower side. 
it is dif?cult to use both side portions each having a 
substantially triangular area as heating areas although the 
rectangular area at the central portion can be used as a 
heating region. whereby a su?icient elfect of melting snow 
or ice or dehumidi?cation may not be obtained. The surface 
area of each of the triangular areas at both sides is large as 
the difference of length between the lower side and the upper 
side is large. Accordingly. the e?’ect of melting snow or ice. 
or non-fogging in these areas is further decreased whereby 
a sufficient eyesight for driving can not be obtained. 

In order to solve the above-mentioned problems. there can 
be considered that the electrically heating wires are embed 
ded in the triangular areas. In this case. however. the density 
of electric power in the areas is higher than that of the 
rectangular area. As a result. a distribution of temperature in 
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2 
the surface of the windshield glass is large whereby there 
causes problems of a lower energy el?ciency. a difference in 
e?’ect of melting ice or non-fogging on the surface of glass 
and a considerable heat deterioration of the interlayer in the 
triangular areas in which the electrically heating wires are 
embedded. 

SUMMARY OF THE INVENTION 

Accordingly. it is an object of the present invention to 
eliminate the problems by the conventional techniques and 
to provide an electrically heating windshield glass having a 
small thennal distribution in the surface of the windshield 
glass. which has a trapezoidal shape or a shape including a 
triangular area. thereby providing a good e?iciency of 
energy consumption. having excellent e?‘ect of melting ice 
or snow. or non-fogging. and providing a wide eyesight for 
driving. 
The above-mentioned object and other objects of the 

present invention have been attained by providing an elec 
trically heating windshield glass which comprises two glass 
plates; a resinous interlayer interposed between the two 
glass plates; at least a pair of bus bars provided at peripheral 
portions of the glass plates and between them; and a number 
of electrically heating wires connected between a pair of the 
bus bars. wherein the diameter of the electrically heating 
wires and/or the space between adjacent electrically heating 
wires is continuously or stepwisely changed in response to 
a change of the distance between the bus bars. 
The problems in the conventional techniques can be 

solved by continuously or stepwisely changing the density 
of electric power to the electrically heating wires in response 
to a change of the distance between the bus bars in the 
electrically heating windshield glass. Accordingly. even 
when the electrically heating windshield glass has a trap 
ezoidal shape or a shape including a triangular area. a 
distribution of temperature in the surface of the glass can be 
small. Accordingly. high energy efficiency. excellent e?‘ect 
of melting ice or non-fogging and a wide eyesight for 
driving can be obtained. 

In this speci?cation. a center line is referred to as a line 
extending vertically from the central portion of the upper 
side of the windshield glass to the lower side. 
The distance between the bus bars in the present invention 

means the distance from the lower edge of the upper bus bar 
to the upper edge of the lower bus bar in parallel to the 
above-mentioned center line at each position of the embed~ 
ded electrically heating wires. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and many 
of the attendant advantages thereof will be readily obtained 
as the same becomes better understood by reference to the 
following detailed description when considered in connec 
tion with the accompanying drawings. wherein: 

FIG. 1 is a diagram explaining a plane of an electrically 
heating windshield glass A; 

FIGS. 2a and 2b are respectively cross-sectional views 
taken along lines X—X and Y—Y in FIG. 1; 

FIG. 3 is an enlarged view of a left half portion of the 
electrically heating windshield glass A; 

FIG. 4 is a diagram showing an outer con?guration which 
is similar to an actual windshield glass for a vehicle; 

FIG. 5 is a cross-sectional view of an embodiment of the 
present invention; and 

FIG. 6 is a cross-sectional view of a further embodiment 
of the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be 
described in more detail. 

The windshield glass used in the present invention may be 
an ordinary glass plate. a ?oat glass plate. a strengthened 
glass plate. a partially strengthened glass plate or the like. It 
may also be colored to the extent that the transparency is not 
reduced. These glass plates are not limited to a ?at plate-like 
form. but they may have various kinds of shape or have a 
curved surface bent with a predetermined radius of curva 
ture. However. a remarkable e?‘ect can be obtained in the 
present invention by using a glass plate such as a front glass. 
arear glass. a side glass or a roof glass which has a triangular 
region for various kinds of vehicle. Further. although the 
thickness of these glass plates is not in particular limited. a 
thickness of about 1.5-5 mm is generally used. 

The resinous interlayer used in the present invention 
should be one capable of strongly bonding two glass plates 
when a laminated glass is formed. and preventing fragments 
of glass from scattering even when the laminated glass is 
broken. For this purpose. a polyvinylbutyral sheet having 
improved physical properties such as adhesion properties. 
light resistance. heat resistance and so on is preferably used. 
The thickness of the resinous interlayer is not in particular 
limited. However. a thickness of about 0.2-0.9 mm is 
generally used. 

In forming a laminated glass comprising two glass plates 
and a resinous interlayer interposed therebetween. a known 
method may be used wherein two glass plates with a resin 
sheet interposed therebetween are subjected to steps of 
preliminarily bonding. a treatment in an autoclave and so on 
to thereby form a predetermined laminated glass. 
The electrically heating wires can be arranged by the 

following method. for instance. A number of very ?ne 
electrically heating wires are embedded in a resin sheet with 
predetermined spaces. The resin sheet may be previously cut 
in a predetermined shape or may be cut after the electrically 
heating wires have been embedded. Both end portions of the 
electrically heating wires are raised from the resin sheet; a 
tape-like plain woven cloth of copper or a tape-like thin 
copper plate is placed between the resin sheet and the 
heating wires; the raised end portions of the electrically 
heating wires are put on the woven cloth of copper or the 
thin copper plate; another tape-like thin copper plate is 
placed on the end portions of the electrically heating wires. 
and a pressure is applied onto them to unify the same. In the 
case of using the plain woven cloth of copper. it is partially 
embedded in the resin sheet. Then. the before-mentioned 
steps such as the preliminarily bonding and the treatment in 
an autoclave are used to thereby obtain a predetermined 
electrically heating windshield glass. 
The present invention is featurized by providing uni 

formly the density of electric power supplied across a pair of 
the bus bars over the entirety of an electrically heating 
windshield glass by continuously or stepwisely changing the 
diameter of a number of electrically heating wires and/or the 
space between adjacent electrically heating wires in 
response to a change of the distance between a pair of the 
bus bars connected to the electrically heating wires. 
The present invention will be described in more detail 

with reference to the drawings. 
FIG. 1 is a plan view showing an embodiment of the 

electrically heating windshield glass according to the present 
invention wherein an upper glass plate in a laminated glass 
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is omitted. A glass plate 1 constituting a laminated glass in 
this embodiment has a trapezoidal shape in which the lower 
side is longer than the upper side (for instance. it has an 
upper side of 104 cm. a lower side of 148 cm and a height 
of 83 cm). 
An electrically heating windshield glass Ahas bus bars 20 

and 2b at left and right upper sides and bus bars 3a and 3b 
at left and right lower sides. Lead wires 4a. 4b. 5a and 5b 
are connected to an end portion of the bus bars so that an 
electric current is supplied to the bus bars from a battery (not 
shown). The width of the bus bars 2a. 2b. 2b and 3a. 3b in 
this embodiment is generally about 3-10 mm. 

In a rectangular area de?ned by the upper bus bars 20, 2b 
and the lower bus bars 30, 3b, electrically heating wires 6 of 
a diameter of 10-35 mm are arranged in a sinusoidal wave 
form in a parallel relation with intervals of about 1.5-4.0 
mm. As the electrically heating wires 6. tungsten wires. 
molybdenum wires or the like having a diameter of about 
10-35 pm are preferably used. 

Further. the shape of the electrically heating wires 6 
should be in a sinusoidal waveform having an amplitude of 
about 0.2-1.5 mm and a wavelength of about 2-8 mm. 
whereby heat can be uniformly generated in the electrically 
heating windshield glass A in terms of either temperature or 
optics. 

In FIG. 1. the windshield glass is shown as a form of 
model. However. in an actual windshield glass for a vehicle. 
the upper and lower sides are not linear but curved as shown 
in FIG. 4. Accordingly. it is rare that the distance between 
the upper and lower sides is equal over the entire length of 
the upper and lower sides. However. it is unnecessary to 
continuously or stepwisely adjust the diameter of the elec 
trically heating wires and/or the space between adjacent 
electrically heating wires as positive measures as far as there 
is not a remarkable variation in the distance of the bus bars 
(for instance. unless there is a variation of more than .tl5%). 
On the other hand. since there is a remarkable di?erence 
between the bus bars at a left or right upper side and the bus 
bars at the left or right lower side. depending on positions in 
the triangular area the above-mentioned adjustment is 
required. 

FIG. 2a is a cross-sectional view taken along a line X—-X 
of the electrically heating windshield glass at a location 
where a bus bar is arranged. As shown in FIG. 2a, a resinous 
interlayer 7 is laminated on the lower glass plate 1. and on 
the interlayer 7. a tape-like electrode 8 formed of a plain 
woven cloth of copper which constitutes the lower portion of 
the bus bar. the electrically heating wires 6. a tape-like 
electrode 9 formed of a thin copper plate which constitutes 
the upper portion of the bus bar. and an upper glass plate 1' 
are successively laminated. 
The thickness of the upper and lower electrodes 9. 8 

which constitute the bus bar 30 should be thin as possible so 
that the difference of thickness of the electrically heating 
windshield glass A as the ?nal product between a portion 
which includes the bus bar 3a and a portion which does not 
include the bus bar is minimum. For instance. it is preferable 
that the total thickness of the upper and lower electrodes 
should be about 0.1-0.4 mm. Further. by the same reason. at 
least a part of the lower electrode 8 should be embedded in 
the resinous interlayer 7 in the ?nal product. 
The lower electrode 8 should be formed by weaving very 

?ne wires into a form of woven cloth. whereby the thickness 
of the ?nal product which may be increased in the presence 
of the bus bars 2. 3 can be reduced. Since the form of woven 
cloth is used. the electrically heating wires 6 are embedded 
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into the woven cloth 8 in the ?nal product. whereby an 
increase in the entire thickness of the ?nal product can be 
minimized. 

FIG. 2b is a cross-sectional view taken along a line Y—Y 
of the windshield glass at a position Where no bus bars 2. 3 
exist. As shown in FIG. 2b, the resinous interlayer 7 in which 
the electrically heating wires 6 are embedded and the upper 
glass plate 1' are laminated in this order on the lower glass 
plate 1. 

FIG. 3 is an enlarged view showing a triangular area of the 
electrically heating windshield glass A of a trapezoidal shape 
shown in FIG. 1. In a region S l of the electrically heating 
windshield glass A. ?ne tungsten wires 6 having a diameter 
of 21 pm are vertically arranged with intervals of 2 mm in 
a parallel relation. In a region 82 as a part of a triangular 
area. the length of the electrically heating Wires 6 is not 
substantially di?erent from the length in the region S1. 
Accordingly. when the variation of the density of electric 
power in the region S2 is within an allowable range. elec 
trically heating wire 6 having the same diameter as those in 
the region S1 may be used. On the other hand. the diameter 
of the ?ne wires in the region S2 may be smaller than that 
in the region S1. and the ?ne wires may be arranged in the 
vertical direction in a parallel relation with the same inter 
vals as in the region S1. In the present invention. an 
allowable range practically used is 120%. preferably i15%. 

In a region S3. similarly. ?ne wires 6 having a smaller 
diameter than that in the region S 1 or S2 are arranged 
vertically in a parallel relation with the same intervals as the 
region 8.. In a region S... ?ne wires 6 having a smaller 
diameter than the region S3 are arranged vertically in 
parallel with the same intervals as the region 8.. For a region 
S5. it is generally unnecessary to arrange the electrically 
heating wires 6 when the region is outside of the driver 
eyesight in driving. 

FIG. 5 illustrates an example of a stepwise change of the 
diameter of the heating wires. Given this illustration. one 
can also visualize a continuous change of the diameter of the 
heating wires. 

In the electrically heating windshield glass A having the 
above-mentioned construction. when a current is supplied 
from the battery (not shown) as a power source via the bus 
bars 20. 2b and 3a. 3b a uniform density of electric power 
is obtainable in the region S1 having a substantially rectan 
grlar area because the diameter. and in this area. the length 
of the electrically heating wires 6 are equal. In the region S2 
as a part of the triangular area. if the electrically heating 
wires 6 having the same diameter as those in the region S1 
are used. the density of electric power is more or less larger 
than the region S1. In this case. however. a value of the 
density of electric power is within the allowable range. and 
accordingly. the electrically heating wires 6 having the same 
diameter can be used When the value is out of the allowable 
range. the electrically heating wires 6 having a smaller 
diameter should be used in the region S2 so that the density 
of electric power in the region S2 can be substantially the 
same as the region 8.. Similarly. for the regions S3 and $4. 
the diameter of the electrically heating wires 6 in these 
regions are adjusted so that the density of electric power has 
a value within the same allowable range as the region S1. 

In the above-mentioned embodiment. the triangular area 
is divided into several regions. and the diameter of the 
electrically heating wires 6 is changed depending on the 
divided regions while the spaces of the electrically heating 
wires 6 are kept to be the same. As a result. the density of 
electric power in these regions can be adjusted to be the 
same as that in the region S1. 
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6 
Besides the above-mentioned technique. the same elfect 

of generating a uniform heat can be obtained without 
dividing the triangular area into several regions. Namely. the 
diameter of the electrically heating wires 6 in the triangular 
area is continuously changed for each number or every 
predetermined number in proportion to the length of the 
heating wires (or the space of the bus bars). such as 20 
rim->19 nm—>l8 rum->17 pm—->l6 nm—>l5 nm—> 
14 um . . . . 

In the above-mentioned embodiments. the density of 
electric power in different regions is controlled to be within 
a substantially approximate range by reducing the diameter 
of the electrically heating wires as the distance between the 
bus bars become short while the space between the electri 
cally heating wires is made constant. However. it is possible 
to control the density of electric power in regions having 
different distances between the bus bars within a substan 
tially approximate range by changing the space of the 
electrically heating wires while the diameter of the wires is 
unchanged. 
The present invention will be described with reference to 

Examples. However. it should be understood that the present 
invention is by no means restricted by such speci?c 
Examples. 

EXAMPLE 1 

FIG. 1 is plan view of the electrically heating windshield 
glass A of the present invention which is used for a front 
glass for a vehicle; FIG. 2 is a cross-sectional view showing 
a part of FIG. 1; and FIG. 3 is an enlarged view showing a 
left half portion of the electrically heating windshield glass 
A of the present invention. A wiring circuit in the electrically 
heating windshield glass A is as shown in FIG. 3. 

In FIGS. 1 and 3. upper bus bars 2:: and 2b and lower bus 
bars 3a and 3b are embedded in an interlayer 7 of a 
polyvinylbutyral sheet having a thickness of 0.76 mm so as 
to be along the outer periphery of the glass plate. The bus 
bars 2a. 2b and 3a. 3b comprise a tape-like lower electrode 
8 formed by weaving copper wires. which has a width of 3.5 
mm and a thickness of about 0.3 mm and an upper electrode 
9 formed of a tape-like copper plate. which has a width of 
5 mm and a thickness of about 0.05 mm. Electrically heating 
wires 6 having di?erent diameters as shown in Table l are 
interposed in a contacting state between the lower and upper 
electrodes 8. 9 in regions S‘ to S... 

In a case that there is a restriction in current density for a 
fuse to be disposed in a heating circuit. it is preferable to 
divide the bus bars 20. 2b and 3a. 3b into each two parts of 
bus bars 2a, 2b, 3a and 3b to form symmetric circuits of 
heating at left and right sides so that a current to be passed 
in lead wires and the bus bars can be small. Electrically 
heating wires 6 fonned of ?ne tungsten wires are connected 
between the bus bars 20. 2b and 3a. 3b to form a heating 
region. 
The bus bars 2a. 2b and 3a. 319 each comprising two 

conductors interpose end portions of the electrically heating 
wires 6 to connect them electrically. and each end of the bus 
bars 2a. 2b and 3a. 3b is connected to a battery (not shown) 
as a power source via lead wires 4a, 4b, 5a and 5b. A side 
surface of the resinous interlayer 7 in which the electrically 
heating wires 6 are embedded is bonded to the glass plate 1' 
facing the exterior of the vehicle. and the other side of the 
layer 7 is bonded to the glass plate 1 of the interior side. A 
laminated glass was prepared by a known manufacturing 
method using an autoclave. A design for electrically heating 
is determined in consideration of a power source voltage. a 
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density of electric power and regions to be heated. 
Generally. it is necessary to use a density of electric power 
of 500-800 W/m2 in order to dissolve an ice layer deposited 
on the front glass of an passenger car. However. a requisite 
density of electric power varies depending on the thickness 
of the glass plate. the thickness of the interlayer. and 
conditions of use of a defroster. an air conditioner and so on. 
The space of the electrically heating wires 6 should be 
narrower because the thermal distribution on the surface of 
the glass plate is uniform. Further. it is desirable that the 
diameter of the electrically heating wires 6 should be ?ne as 
possible in order to assure good eyesight for driving. 

FIG. 3 shows a heating region at a left side of the 
electrically heating windshield glass A. The region S1 as a 
heating region in which the distance between the bus bars is 
substantially constant. is not su?icient to provide a defrost 
region ruled by the US. Federal Motor Vehicle Safety 
Standard (FMVSSlOB). Accordingly. it is necessary to use 
the triangular region in which the distance between the bus 
bars is gradually reduced. and to embed the electrically 
heating wires 6 in the resinous interlayer 7 in each of the 
regions S._,—S4 in the triangular area. The electrically heating 
wires may be embedded in the region S5. However. it is 
unnecessary when the region S5 is out of the driver’s 
eyesight. With respect to the regions S2-S4 in the triangular 
area in which the distance between the bus bars varies. the 
diameter of the electrically heating wires 6 should be 
changed for each of the regions so that the density of electric 
power for each of the regions S244 is within an allowable 
range. 
The resistance values per unit length of the electrically 

heating wires 6 in the region S1 in which the bus bars are 
substantially parallel (the rectangular area) and either of 
non-parallel regions (regions constituting a part of the 
triangular area) 82-84 are supposed to be I1 and r2; the 
lengths between the bus bars in the regions are to be 11 and 
12 and electric currents ?owing element wires are to be i1 and 
i2. Since the element wires 6 are connected in parallel. there 
is a relation: 11 r1 i ,=l2 r2 i2. Further. from the condition that 
the density of electric power in the heating region be 
constant. there is a relation: r1 i12=r2 if. Accordingly. r2=-~r1 
(ll/12):. Further. since the resistance of the element wires 6 
is in inverse proportion to the square of the diameter of the 
wire d. there is a relation d2=d1 (lg/l1). Accordingly. when 
the diameter of the electrically heating wires 6 is made in 
proportion to the distance between the bus bars. the density 
of electric power in the surface of the laminated glass in the 
heating region can be within the allowable range. 

Since the diameter of commercially available tungsten 
wires 6 can be selected at each step of 1 pm. and the density 
of electric power in the heating regions 81-84 should be 
controlled within the allowable range. the heating regions 
were divided into four regions 81-84. and tungsten wires 6 
having ditferent diameters were ?xed by bonding in the 
regions (provided that the diameter of the wires in the 
regions S 1 and S2 was the same). 
The thicknesses of the glass plates of the interior side and 

the exterior side of the vehicle were 2 mm. A power source 
voltage of 14.3 V was used. The amplitude and the wave 
length of the each of the electrically heating wires 6 arranged 
in a sinusoidal form were 0.6 mm and 4 mm. and the space 
between adjacent wires were 2 mm. Design for the density 
of electric power in each of the regions was so made that a 
target value was 630 W/m2 and an allowable range was 
il5%. The diameter of the wires. the width of the regions. 
the number of wires ?xed by bonding and the density of 
electric power in each of the regions were determined as 
shown in Table 1. 
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An electric power was supplied from a power source to 

the electrically heating windshield glass of the present 
invention and temperatures at portions in the surface of the 
exterior side glass plate were measured. As a result. the 
variation of temperature in the heating regions was within 6° 
C. In the conventional electrically heating windshield glass 
in which the electrically heating wires having the same 
diameter were used. the variation of temperature was 16° C. 
Accordingly. in the present invention. the temperature of the 
glass surface of the windshield glass is uniformly increased. 
and a wide eyesight can be maintained. 

TABLE 1 

Density 
Number of 

Diameter Resis- Width of of wires electric 
of wire tartce region ?xed by power 

Region (pm) (01m) (mm) bonding (wlmz) 

S‘ 21 265 D1 = 498 249 634 
S2 21 265 D; = M 7 640-721 
S3 18 361 D3 = 26 13 540-704 
5‘ i6 457 D4 = 18 9 569-695 
s5 _ - D, = 150 0 0 

EXAMPLE. 2 

In FIGS. 1 and 3. the density of electric power in the 
heating regions in which the space between the bus bars is 
changed. can be controlled Within an approximate range by 
changing the space of the electrically heating wires ?xed by 
bonding while the diameter of the electrically heating wires 
is the same. 

In this example. the heating regions are divided into four 
regions 81-54. and the space between the electrically heat 
ing wires ?xed by bonding in the triangular region in which 
the space between the bus bars is gradually reduced. is 
gradually broadened (FIG. 6). whereby the density of elec 
tric power in the heating regions can be controlled within the 
allowable range. 

In this example. each space of the electrically heating 
wires ?xed by bonding in each of the regions S144 is the 
same. however. the space between the electrically heating 
wires fixed by bonding in adjacent regions is stepwisely 
changed (FIG. 6). From this ?gure. one can also visualize a 
continuous change of the spacing between the heating wires. 
In the rectangular region S1 in which the bus bars at the 
central portion in the heating region are substantially 
parallel. the space of the electrically heating wires embedded 
in the interlayer is 2 mm. The amplitude and the wavelength 
of the electrically heating wires of a sinusoidal waveform 
which consist of tungsten wires of a diameter of 21 pm are 
0.6 mm and 4 mm respectively. When a target value for the 
density of electric power in each of the regions is to be 630 
‘itV/m2 and an allowable range is to be il5%. the space 
between the electrically heating wires in each of the regions. 
the widths of the regions. the number of electrically heating 
wires and the density of electric power are shown in Table 
2. 
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TABLE 2 

Space 
between 
wires Number of Density of 

?xed by Width of wires electric 
bonding region ?xed by power 

Region (mm) (mm) adhesion (W/m2] 

sl 2.0 n, = 497 249 634 
S2 20 D, = 14 7 640-721 
53 2.7 D3 = 27 10 545~710 
S‘ 3.6 D4 = 18 5 545-666 
55 _ 1)5 = 149 0 0 

As described above. the electrically heating windshield 
glass of the present invention has a heating region in which 
temperature is uniformly increased by passing a current in 
electrically heating wires even when ice deposits on the 
surface of glass facing an exterior side of a vehicle in winter 
season. whereby ice is rapidly melted to thereby maintain a 
wide eyesight suited for the safety standard. 

Further. melting of ice. non-fogging. removing moist and 
so on can be quickly performed to restore the eyesight of a 
driver quickly. Further. less electric power is required in 
comparison with a defroster for blowing warm air. and 
operation is done with a low voltage in comparison with a 
thin ?lm resistance heating type electrically heating wind 
shield glass. In addition. a converter. a line breakage detector 
and so on are unnecessary which reduces manufacturing 
cost. 

Obviously. numerous modi?cations and variations of the 
present invention are possible in light of the above teach 
ings. It is therefore to be understood that within the scope of 
the appended claims. the invention may be practiced other 
wise than as speci?cally described herein. 
What is claimed is: 
1. An electrically heating windshield glass which com 

prises: 
?rst and second glass plates; 
a resinous interlayer interposed between the ?rst and 

second glass plates; 
at least a pair of bus bars provided at peripheral portions 

of the glass plates and between the glass plates; and 
a number of electrically heating wires connected between 

a pair of the bus bars. wherein the windshield glass has 
at least a substantially triangular area and diameters of 
the electrical heating wires which are located in a 
vicinity of a center line of said glass plates are greater 
than diameters of the electrical heating wires which are 
located in a vicinity of the peripheral portions of the 
glass plate. such that the diameter of each of the 
electrically heating wires continuously decreases in 
response to a decrease of a distance between the bus 
bars. 

2. An electrically heating windshield glass according to 
claim 1. wherein the windshield glass is for a vehicle. 

3. An electrically heating windshield glass according to 
claim 1. wherein the bus bars comprises plural pairs of bus 
bars. 

4. An electrically heating windshield glass which com 
prises: 

?rst and second glass plates; 
a resinous interlayer interposed between the ?rst and 

second glass plates; 
at least a pair of bus bars provided at peripheral portions 

of the glass plates and between the glass plates; and 
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a number of electrically heating wires connected between 

a pair of the bus bars. wherein the windshield glass has 
at least a substantially triangular area and diameters of 
the electrical heating wires which are located in a 
vicinity of a center line of said glass plates are greater 
than diameters of the electrical heating wires which are 
located in a vicinity of the peripheral portions of the 
glass plates. such that the diameter of each of the 
electrically heating wires stepwisely decreases in 
response to a decrease of a distance between the bus 
bars. 

5. An electrically heating windshield glass according to 
claim 4. wherein the windshield glass is for a vehicle. 

6. An electrically heating windshield glass according to 
claim 4. wherein the bus bars comprises plural pairs of bus 
bars. 

7. An electrically heating Windshield glass which com 
prises: 

?rst and second glass plates; 
at resinous interlayer interposed between the ?rst and 

second glass plates; 
at least a pair of bus bars provided at peripheral portions 

of the glass plates and between the glass plates; and 
a number of electrically heating wires connected between 

a pair of the bus bars. wherein the windshield glass has 
at least a substantially triangular area in which a space 
between adjacent electrically heating wires in a vicinity 
of a center line of the glass plates is smaller than a space 
between adjacent electrically heating wires located in a 
vicinity of the peripheral portions of the glass plates. 
such that the space between adjacent electrically heat 
ing wires continuously increases in response to a 
decrease of a distance between the bus bars. 

8. An electrically heating windshield glass according to 
claim 7. wherein the windshield glass is for a vehicle. 

9. An electrically heating windshield glass according to 
claim 7. wherein the bus bars comprises plural pairs of bus 
bars. 

10. An electrically heating Windshield glass which com 
prises: 

?rst and second glass plates; 
a resinous interlayer interposed between the ?rst and 

second glass plates; 
at least a pair of bus bars provided at peripheral portions 

of the glass plates and between the glass plates; and 
a number of electrically heating wires connected between 

a pair of the bus bars. wherein the windshield glass has 
at least a substantially triangular area in which a space 
between adjacent electrically heating wires in a vicinity 
of a center line of the glass plates is smaller than a space 
between adjacent electrically heating wires in a vicinity 
of the peripheral portions of the glass plates. such that 
the space between adjacent electrical heating wires 
stepwisely increases in response to a decrease of a 
distance between the bus bars. 

11. An electrically heating windshield glass according to 
claim 10. wherein the Windshield glass is for a vehicle. 

12. An electrically heating windshield glass according to 
claim 10. wherein the bus bars comprises plural pairs of bus 
bars. 

13. An electrically heating windshield glass which com 
prises: 

?rst and second glass plates; 
a resinous interlayer interposed between the ?rst and 

second glass plates; 
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at least a pair of bus bars provided at peripheral portions 
of the glass plates and between the glass plates; and 

a number of electrically heating wires connected between 
a pair of the bus bars. wherein the windshield glass has 
at least a substantially triangular area in which a 
diameter along an entire length of each of the electri 
cally heating wires and a space between adjacent 
elecnically heating Wires along an entire length of the 
adjacent electrically heating wires are continuously 
changed in response to a change of a distance between 
the bus bars. 

14. An electrically heating windshield glass according to 
claim 13. wherein the windshield glass is for a vehicle. 

15. An electrically heating windshield glass according to 
claim 13. wherein the bus bars comprises plural pairs of bus 
bars. 

16. An electrically heating windshield glass which com 
prises: 

?rst and second glass plates; 
a resinous interlayer interposed between the ?rst and 

second glass plates; 
at least a pair of bus bars provided at peripheral portions 

of the glass plates and between the glass plates; and 
a number of electrically heating wires connected between 

a pair of the bus bars. wherein the windshield glass has 
at least a substantially triangular area in which a 
diameter along an entire length of each of the electri 
cally heating wires and a space between adjacent 
electrically heating wires along an entire length of the 
adjacent electrically heating wires are stepwisely 
changed in response to a change of a distance between 
the bus bars. 

17. An electrically heating windshield glass according to 
claim 16. wherein the windshield glass is for a vehicle. 

18. An electrically heating windshield glass according to 
claim 16. wherein the bus bars comprises plural pairs of bus 
bars. 

19. An electrically heating windshield glass which com 
prises: 

?rst and second glass plates; 
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a resinous interlayer interposed between the ?rst and 

second glass plates; 
at least a pair of bus bars provided at peripheral portions 

of the glass plates and between the glass plates: and 
a number of electrically heating wires connected between 

a pair of the bus bars. wherein the windshield glass has 
at least a substantially triangular area in which a 
diameter along an entire length of each of the electri 
cally heating wires is stepwisely changed. and a space 
between adjacent electrically heating wires along an 
entire length of the adjacent electrical heating wires is 
continuously changed. in response to a change of a 
distance between the bus bars. 

20. An electrically heating windshield glass according to 
claim 19. wherein the windshield glass is for a vehicle. 

21. An electrically heating windshield glass according to 
claim 19. wherein the bus bars comprises plural pairs of bus 
bars. 

22. An electrically heating windshield glass which com 
prises: 

?rst and second glass plates; 
a resinous interlayer interposed between the ?rst and 

second glass plates; 
at least a pair of bus bars provided at peripheral portions 

of the glass plates and between the glass plates; and 
a number of electrically heating wires connected between 

a pair of the bus bars. wherein the windshield glass has 
at least a substantially triangular area in which a 
diameter along an entire length of each of the electri 
cally heating wires is continuously changed. and a 
space between adjacent electrically heating wires along 
an entire length of the adjacent electrically heating 
wires is stepwisely changed in response to a change of 
a distance between the bus bars. 

23. An electrically heating windshield glass according to 
claim 22, wherein the windshield glass is for a vehicle. 

24. An electrically heating windshield glass according to 
claim 22. wherein the bus bars comprises plural pairs of bus 
bars. 


